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A 300-W,  integral-parabol ic-ref lector  Eimac  lamp  is  evaluated  for  use 
as  a spec t rome t r i c continuum  source.  The  spectral  radiant  power  (W/nm) 
available  in  the  lamp's  output  beam  is  measured  and  compared  to  that  availabl: 
from  a more  common  150-W  high  pressure  xenon  short-arc  lamp.  The  Eimac  lamp 
is  shown  to  provide  up  to  37  times  more  radiant  power  than  the  150-W  lamp. 

The  Eimac  lamp's  s i gnal -to-noi se  characteristics,  noise  frequency  dis- 
tribution, integral  reflector  optical  quality,  and  arc  image  quality  are  alsc 
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20.  ABSTRACT  (continued) 

| discussed.  It  is  shown  that  the  s i gna 1 -to-noi se  ratio  of  radiation  emerging 
from  different  parts  of  the  Eimac  lamp's  output  window  can  vary  by  a factor 
of  about  5,  indicating  that  care  should'be  taken  when  using  spatially  selecting 
optics  with  this  source. 
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H i gh-p ressure  xenon  short-arc  lamps  have  long  been  considered  to  be 
reliable,  high  intensity  sources  of  radiation  for  the  ultraviolet,  visible, 
and  near- i nf ra red  spectral  regions.  The  Eimac  illuminator  series,  which 
Varian  began  marketing  in  197?,  is  a variant  of  the  conventional  short  arc 
lamp,  having  an  integral  parabolic  (or  elliptical)  reflector,  which  provides 
greatly  improved  light  gathering  efficiency  over  more  simple  arc  lamps.  The 
integral  reflector  also  significantly  simplifies  lamp  alignment. 

The  1 50-W  Eimac  illuminators  have  been  employed  and  their  peVnormance 
evaluated  in  several  analytical  applications.  Various  workers  in  the  labora- 
tories of  J.D.  Winefordner  have  evaluated  for  use  as  atomic  fluorescence 
excitation  sources  both  i ntegra 1 -e 1 1 i pt i ca 1 - ref  1 ector  (1-3)  and  integral- 
parabol  i c-ref  lector  (^)  Eimac  lamps.  It  was  determined  that  the  extremely 
high  spectral  radiance  provided  by  the  i n tegra I -e I I i p t i ca I - ref  lector  lamp 
made  this  source  particularly  well  suited  for  AFS. 

Zander  and  Keliher  (5)  employed  a 1 50-W  i n teg ra 1 -pa rabo 1 i c- ref  1 ector  lamp 
as  a primary  source  in  continuum-source  atomic  absorption  spectrometry  and 
found  its  performance  superior  to  that  of  a conventional  200-W  Hg-Xe  arc 
lamp  for  that  application.  Perchalski,  et  a!.,  (6)  have  thoroughly  evaluated 
an  identical  Eimac  arc  lamp  as  a source  for  molecular  fluorescence  spectrometry. 
In  their  work,  the  Eimac  lamp  was  shown  to  provide  a two-to-four-fold  increase 
in  photon  flux  over  a standard  1 50-W  high-pressure  xenon  arc  lamp,  which  had 
been  mounted  in  an  ellipsoidal  condensing  mirror  system,  and  whose  radiation 
was  distributed  over  a similar  spectral  range.  The  Eimac  lamp's  greater 
radiant  power  led  to  an  approximate  ten-fold  lower  detection  limit  for  the 
fluorescence  system  studied. 

The  present  paper  examines  several  characteristics  of  a 300-W,  integral- 
parabol  i c-ref lector  Eimac  lamp  which  have  proven  important  to  its  use  in  our 
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laboratory  as  a source  for  continuum-source  atomic  absorption  spectrometry. 
These  characteristics  include  spectra!  radiant  power,  noise  cha racte r i s l i cs , 
reflector  optical  quality,  and  arc  image  quality.  While  this  lamp  provides 
a subs  tan t i a I ly  larger  radiant  power  output  than  does  its  1 50-W  counterpart, 
the  two  models  are  expected  to  behave  similarly  with  respect  to  the  other 
characteristics  to  be  discussed  here. 

EXPERI  MENTAL 

Lamps  Used.  The  Eimac  illuminator  employed  in  this  study  incorporated 
a model  VIX-300UV,  300-W  lamp,  wit  i ch  was  operated  horizontally  within  a 

model  R300-I  fan-cooled  housing,  and  was  powered  by  a model  PS 300— l current- 

* 

regulated  power  supply  (Varian  Eimac  Division,  San  Carlos,  Calif.).  The  lamp 
contains  an  integral  aluminum-coated  parabolic  collimator  to  provide  high 
reflectivity  over  the  range  250  to  3000  nm,  and  can  be  operated,  with  the 
power  supply  employed,  over  a current  range  of  13  to  20  A.  Although  the 
lamp-power  supply  combination  will  operate  as  low  as  7A,  information  obtained 
from  Varian  Eimac  suggested  that  operation  at  less  than  I 3A  could  permanently 
decrease  lamp  stability.  The  Eimac  lamp  tested  had  approximately  25  hours 
of  operating  time  out  of  a suggested  useful  lifetime  of  approx i mat e I y 1000 
hours . 

The  lamp  used  for  comparison  with  the  Eimac  illuminator  was  a I 50-W 
H.tnovia  901C-1I  high  pressure  xenon  short-arc  lamp  (Englehard-Hanovia , 

Newark,  N.J.)  with  associated  housing  and  model  33-86-26  power  supply  (Bausch 
and  Lomb,  Rochester,  N.Y.).  This  lamp  had  approximately  200  hours  of 
operating  time  out  of  a suggested  useful  life  1200  hours.  In  operation, 
the  I 50-W  Xe  lamp  draws  approximately  7.5A  at  20V  from  the  supply.  The 
housing  contained  no  rear  reflector,  but  was  equipped  with  adjustable 
optics,  which  served  to  collimate  the  output  radiation. 
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Spectral  Radiant  Power  Measurement.  A Scientech  model  36-0001  disc 
calorimeter  with  a model  36-2001  power  and  energy  indicator  (Scientech,  Inc., 
Boulder,  Colo.)  was  employed  in  measuring  spectral  radiant  output  power 
from  both  the  300-W  Eimac  lamp  (operated  at  13.  15.  and  I HA)  and  the  150-W 
Hanovia  lamp.  The  total  output  radiation  of  each  lamp  under  test  was  passed 
through  a b cm  water  filter  to  block  unwanted  radiation  beyond  1200  nm, 
followed  by  a glass  band-pass  filter  of  peak  wavelength  = 527.3  nm,  FWHM  = 

58. 8 nm,  and  peak  t ransmi t tance  = 25-b%.  The  resulting  transmitted  radiation 
was  focused  via  a lens  (l;j  see  table  I)  onto  the  disc  calorimeter  of  the 
power  meter  and  its  power  determined  from  the  energy  indicator  meter.  Out- 
side the  desired  spectral  region,  the  two-filter  combination  was  found  to  be 
blocked  to  approx i mate  1 y T = 10"'  between  300  nm  (glass  substrate  cutoff) 
and  1200  nm  (water  filter  cutoff),  and  to  T = _10  beyond  these  limits  to 
the  ends  of  the  200  to  2100  nm  lamp  output  range.  It  was  estimated  that 
this  off-band-pass  transmittance  introduced  less  than  10/'  error  in  the  lamp- 
power  measurements . 

Knowledge  of  the  glass  filter's  nearly  Gaussian  t ransmi ttance  function 
enabled  calculation  of  the  spectral  radiant  power  (W/nm)  of  each  lamp  within 
that  spectral  region.  Light  losses  introduced  by  the  lens,  L 5 , and  the  water 
filter  over  the  glass  filter's  spectral  bandpass  were  estimated  and  accounted 
for  in  calculating  spectral  radiant  powers. 

Eimac  S i gna I - to-Noi se  Characteristics.  In  studying  the  s i gna 1 - to-noi se 
ratio  (S/N)  of  the  Eimac  lamp's  output,  the  two  optical  arrangements  shown 
in  Figure  I were  employed.  As  is  indicated  in  Figure  IA,  the  long  focal 
length  of  the  lens  ( L ..  , see  Table  I)  combined  with  the  monochromator 1 s 6.6° 
acceptance  angle  to  define  the  acceptance  of  a 3.2  cm  diameter  column  of 
light  by  the  system.  In  this  way,  the  radiation  collected  by  the  monochromator 
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and  detected  yia  a photomultiplier  tube  represented  .1  spatially  averaged 
sampling  of  the  Eimac  lamp's  2.5^  cm  diameter  output  beam. 

In  the  second  optical  system,  shown  in  Figure  IB,  a much  shorter  local 
length  lens  (Li,  see  Table  l)  was  employed.  This  lens,  together  with  the 
acceptance  angle  of  the  monochromator.  def ined  the  acceptance  of  a column  of 
light  which  was  only  about  0.5  cm  in  diameter.  As  portrayed  in  Figure  IB, 
the  spatial  resolution  provided  by  this  optical  system  enabled  a small  cylin- 
drical volume  of  the  lamp's  output  beam  to  be  selectively  sampled  by  the 
monochromator  and  photodetector.  In  this  way,  spatially  resolved  signai-to- 
noise  ratios  within  the  output  beam  were  determined. 

It  should  be  noted  that  a lamp  warm-up  time  of  at  least  10  minutes  was 
allowed  before  any  S/N  measurements  were  made;  this  length  of  time  is  twice 
that  recommended  by  Varian. 

Eimac  Noise  Power  Spectrum.  A noise  power  spectrum  was  determined  for 
the  noise  present  in  the  spatially  averaged  lamp  radiation  (i.e.  employing 
optical  system  of  Figure  IA).  To  obtain  the  power  spectrum,  the  output  sig- 
nal from  the  PM  tube  was  amplified,  filtered,  and  then  digitized  using  a 
PDP-12/40  minicomputer.  The  data  was  then  Fourier  transformed  via  a software- 
based  fas t- Four i er-t ransform  routine,  and  the  power  spectrum  was  calculated 
from  the  transformed  data.  In  order  to  reduce  random  fluctuations  in  the 
spectral  data,  nine  data  sets  were  collected  and  their  power  spectra  averaged. 
In  addition,  the  final  data  were  smoothed  using  a three-point  movi ng-wi ndow 
averaging  routine. 

In  order  to  prevent  aliasing,  the  preamplifier  time  constant  was  modified 
to  provide  a low  pass  filtering  action,  and  its  output  was  high  pass  filtered 
before  digitization  in  order  to  remove  the  large  dc  component  of  the  Eimac 
lamp's  output  (see  Table  I for  filter  characte ri s t i cs) . 


Integral  Reflector  Optical  Quality.  Figure  2 is  .1  photograph  of  the 
images  formed  when  the  radiation  from  first  the  Eimac  lamp  and  then  the  I50-W 
Xe  arc  lamp  were  focused  onto  a screen  via  identical  single— lens  optical 
systems.  The  system  employed  was  identical  to  that  of  Fiqute  IA,  except  that 
a screen  replaced  the  monochromator  entrance  slit  at  the  lens  local  length, 
and  the  lens  diameter  was  stopped  down  to  1 cm  to  improve  the  overal I qual  i ty 
of  the  images. 

In  the  process  of  photograph ing  and  printing  these  images,  their  relative 
sizes  have  not  been  altered. 

To  further  demonstrate  the  effect  of  the  relative  image  qualities  attain- 
able using  these  two  lamps,  the  output  beam  of  each  was  passed  through  a 
Keplerian  beam-contracting  telescope  (i.e.,  telescope  using  two  positive 
lenses)  designed  to  shrink  its  input  beam  by  a factor  of  1.8.  The  collimated 
output  beam  of  this  telescope  was  then  focused  onto  the  entrance  si  it  of  the 

monochromator  and  detected  via  the  photomultiplier  (see  Table  l). 

When  a 1 mm  diameter  field  stop  was  placed  into  the  telescope  to  improve 
the  collimation  of  the  output  beam,  some  loss  in  the  intensity  of  the  output 
beam  naturally  resulted.  The  extent  of  light  loss  for  each  lamp  was  deter- 
mined, thus  affording  some  indication  of  the  quality  of  the  image  focused 
onto  the  field  stop  in  each  case. 

RESULTS  AND  DISCUSSION 

' ' ■ l/\,  ' , ».  IA,  VVVl/^iV\;  1/ 

As  noted  earlier,  the  300“W  Eimac  illuminator  was  purchased  for  use  in 
our  laboratory  as  a primary  source  of  radiation  for  atomic  absorption  spec- 
trometry. The  lamp  proved  easy  to  align  and  incorporate  into  an  optical 
system,  and  provided  ample  radiant  power  for  our  application.  However,  we 
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,nund  that  several  important  lamp  characteristics  were  not  entirely  ntis- 
factory  and  were  not  clearly  specified  in  the  scientific  or  Eimac  product 
I i terature . 

Spectral  Radiant  Power.  That  portion  of  the  radiant  power  output  of 
the  Eimac  and  1 50-W  Xe  arc  lamps  which  was  transmitted  by  a glass  band-pass 
filter  was  measured  using  a the  rmop  i le- type,  detector.  Average  spectral 
radiant  power  (W/nm)  for  each  lamp  over  the  spectral  region  defined  by  the 
filter's  band-pass  was  then  calculated  using  these  measured  values,  and  the 
filter  transmittance  function.  Table  II  lists  the  average  spectral  radiant 
powers  determined  for  the  Eimac  lamp  at  several  operating  currents  and  for 
the  1 50-W  Xe  arc  lamp.  Heat  build-up  in  the  absorption  (i.e.,  band-pass) 
filter  precluded  measurement  of  the  power  output  of  the  Eimac  lamp  run  at 
2QA  (full  300-W  input  power).  However,  because  the  output  power  appears  to 
be  linear  with  lamp  current,  the  data  in  Table  II  were  extrapolated  to  obtain 

an  average  spectral  radiant  power  value  for  20A. 

If  one  assumes,  as  suggested  by  the  lamp  specifications,  that  the 
radiant  power  output  of  the  Eimac  lamp  is  approximate  I y flat  over  the  visible 
range  (400-d00  nm) , then  the  calculated  spectral  radiant  power  values  of 
Table  II  can  be  considered  valid  over  the  entire  visible  range.  The  same 
approximation  can  be  made  for  the  1 50-W  Xe  arc  lamp.  Accordingly,  approx- 
imate values  of  total  radiant  power  output  over  the  visible  region  have  been 
calculated  for  each  lamp  and  appear  in  Table  II  along  with  the  ratio  of 
the  calculated  Eimac  values  to  those  calculated  for  the  1 50-W  Xe  arc  lamp. 

In  Table  II,  the  visible  radiant  power  calculated  for  the  Eimac  lamp 
(operated  at  20A)  is  only  about  75%  of  the  I 6-W  suggested  by  Varian.  Re- 
gardless, the  radiant  power  output  of  the  Eimac  lamp  over  the  visible  region 
is  still  as  much  as  37  times  that  of  the  I 50-W  Xe  lamp.  A simple  consider- 
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■ it  ion  of  only  the  doubled  power  input,  and  greatly  increased  solid  angle  of 
collection  (2.65  sr  for  the  Eimac  lamp  compared  to  approximately  0.28"  sr 
‘or  the  short  arc)  of  the  Eimac  lamp  leads  to  a predicted  radiant  power 
increase  of  only  lyX.  Thus,  greater  lamp  offic  iency  in  addition  to  grcatei 
light-gathering  ability  is  indicated  for  the  Eimac  lamp. 

Eimac  S/N  Characteristics.  A large  component  of  the  Eimac  lamp's 
noise  derives  from  turbulence  in  the  hot  gases  which  rise  upward  within  the 
lamp  itself  in  the  region  above  the  horizontally  situated  arc.  Any  radiation 
which  passes  through  this  turbulent  region  emerges  from  the  lamp  window 
with  a degraded  S/N.  We  have  observed  that  radiation  emerging  from  about 
a 20°  slice  at  the  top  of  the  output  window  (see  front  view  of  lamp,  corner 
of  Figure  3)  suffers  this  S/N  degradation. 

Figure  3 is  a photograph  of  oscilloscope  traces  of  the  detected  lamp 
radiation  A)  exclusively  selected  from  the  turbulent  region,  B)  selected 

from  the  bottom  of  the  lamp,  away  from  the  turbulent  region,  and  C)  without 
spatial  selection  to  obtain  a spatially  averaged  signal.  From  these  data, 
a S/N  of  236  (calculated  assuming  noise  = Np-p/5)  can  be  calculated  for  the 
radiation  selected  from  the  non-turbulent  region  (B  in  Figure  3)-  However, 
radiation  selected  from  the  turbulent  region  (A  in  Figure  3)  has  a S/N  of 
only  48,  a degradation  by  a factor  of  about  five  compared  to  B.  As  would 
oe  expected,  spatial  averaging  of  the  output  radiation  (C  in  Figure  3)  pro- 
duces an  intermediate  S/N  of  I63.  This  spatially  averaged  S/N  corresponds 
to  about  p-p  noise,  which  is  within  the  5/  maximum  noise  specified  by 
Varian  for  the  1 50-W  Eimac  arc  lamps.  No  such  specification  is  provided  by 
Varian  for  the  300-W  lamp. 
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As  seen  from  the  photograph  in  Figure  3,  selecting  light  from  the  wrong 
area  of  this  type  of  lamp  could  lead  to  a significant  increase  in  detected 
noise.  Particularly  in  optical  arrangements  in  which  radiation  is  imaged 
onto  the  entrance  slit  of  a monochromator,  careful  attention  should  be  paid 
to  the  inadvertent  spatial  selection  of  the  source  radiation  which  can  occur. 

Eimac  Noise  Power  Spectrum.  The  frequency  distribution  of  the  noise 
present  in  the  spatially  averaged  Eimac  lamp  radiation  is  depicted  in  Figure 
A.  Frequencies  above  100  Hz,  which  were  found  to  contain  no  noise  power, 
have  been  filtered  out  of  the  spectrum,  as  have  frequencies  below  approximately 
0.6  Hz.  All  low-frequency  data  appearing  in  Figure  A have  been  corrected  for 
the  attenuation  caused  by  the  filtering  network  (cf.  Table  l).  No  data  appear 
in  Figure  5 below  0.6  Hz,  because  accurate  correction  for  filter  attentuation 
is  not  possible  below  this  frequency. 

The  noise  power  spectrum  indicates  a strong  1/f  (flicker)  character  in 
the  lamp  noise,  with  the  power  density  rising  sharply  below  20  Hz.  Structure 
visible  on  the  rising  part  of  the  noise  spectrum  is  believed  to  arise  from 
arc  wander  and  from  gas  turbulence  within  the  lamp,  as  previously  discussed. 
However,  no  further  attempt  was  made  by  the  authors  to  elucidate  the  true 
origin  of  these  spectral  features.  The  1/f  nature  of  the  lamp  noise  indicates, 
at  least  for  dc  spect romet r i c applications  of  this  source,  that  low-pass  fil- 
tering with  upper  frequency  cutoffs  below  1 Hz  could  substantially  reduce  de- 
tected source  noise,  while  cutoffs  above  20  Hz  would  be  expected  to  have  little 
ef  feet . 
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Integral  Reflector  Optical  Quality.  The  rather  poor  image  quality  of 
Eimac  lamp  (compared  to  that  of  the  1 50-W  Xe  arc  lamp).  3S  shown  in 
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Figure  2jSuqgests  that  the  lamp's  arc  is  not  properly  positioned  at  the 
focal  point  of  the  parabolic  reflector  or  that  the  reflect or  surface  is  of 
poor  optical  quality.  Because  Varian  has  confirmed  that  arc  alignment 
within  the  test  lamp  is  correct,  the  latter  factor  is  probably  responsible. 
Via  personal  communications  (7),  Varian  explained  that  the  reflector  is  forme 
by  evaporating  an  aluminum  coating  onto  a treated  ceramic  substrate,  re- 
sulting in  a somewhat  low  quality  optical  surface. 

The  effect  of  the  reflector's  optical  quality  was  readily  demonstrated 
when  both  the  Eimac  and  1 50-W  Xe  lamps  were  placed  into  a simple  beam-con- 
tracting telescope,  the  collimated  output  radiation  of  which  was  imaged 
onto  a monochromator  entrance  slit  and  detected.  Placing  a 1 mm  field  stop 
at  the  focal  point  of  the  telescope's  object  lens  in  an  effort  to  improve 
output  beam  collimation  resulted  in  a 60r/  light  loss  for  the  Eimac  lamp 
(20A  current),  but  only  a 20%,  loss  for  the  1 50-W  Xe  arc  lamp.  The  signif- 
icant light  loss  seen  with  the  Eimac  lamp  reflects  the  diffuse  quality  of 
the  image  formed  on  the  field  stop,  and  indicates  that  much  of  the  radiant 
power  advantage  of  this  type  of  lamp  may  be  lost  in  Such  an  application. 
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Optics 


Monochromator 


Photodetect i on 


Power  Spectrum 
Fi I ter i ng 


Table  I Optics  and  Spectrometer 


L , diameter  = 5.1  cm,  F.L.  = 5.5  cm. 

I , diameter  = 5.0  cm,  F.L.  = 28  cm. 

L , diameter  = 4.7  cm,  F.L.  =5.7  cm. 

0.35-m  Cze rny-Turne r mount,  grating  monochromator  (no.  LU- 

700,  GCA/McPhe rson  Instrument,  Acton,  Mass.).  Acceptance 
angle  6.6°.  Used  with  3 mm  aperature  disc  at  the  entrance 
slit.  Wavelength  setting  = 550  n’m.  Spectral  slit  width  = 

0.  1 nm. 

RCA  1 P 2 G photomultiplier  tube,  powered. by  a regulated  high 
voltage  supply  (no.  245,  Keithley  Instruments,  Inc.,  Cleve- 
land, Ohio).  Output  current  converted  to  a proportional 
voltage  by  model  215  operational  amplifier,  upper  cut- 
off frequency  = 796  Hz,  (Princeton  Applied  Research 
Corp. , Princeton,  N.J.).  0A  output  monitoreJ  via  an  oscil- 
loscope vmodel  PM  3233.  N.V.  Phillips,  Eindhoven,  The  Nether 
lands)  . 

Model  215  operational  amplifier  upper-cutoff  frequency  re- 
duced to  159  Hz.  H i qh  pass  filter  had  a lower  cutoff  fre- 
quency of  0.24  Hz.  Cutoff  frequencies  measured  at  3dB. 


TABLE  II  RADIANT  POWER  CHARACTERISTICS 
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Assumes  flat  spt-ctral  radiant  power  output  over  400-800  nm  region. 


riGURL  CAPTIONS 


Figure  1 


Figure  2 


Figure  3 


Figure  A 


OPTICAL  SYSTEMS  FOR  S/N  DETERMINATIONS 

(A)  spatially  averaging 

(B)  spatially  selecting 

( ) light  path; 

(— — ) monochromator  acceptance,  all  measurements  in  cm 

IMAGES  FORMED  FROM  TEST  LAMPS  (See  text  for  discussion) 

(A)  from  Eimac  lamp 

(B)  from  1 50- W Xe  lamp 

SCOPE  TRACINGS  OF  LAMP  NOISE 

(A)  from  turbulent  region 

(B)  f rom  non- turbulent  region 

(C)  spa.tially  averaged 

(corner)  front  view  of  lamp  showing  turbulent  region 
scope  horizontal  scale  = 10  msec/division 

scope  verticle  scale  = 0.5  V/division  for  trace  A;  decreased 

slightly  to  offset  traces  B and  C. 

EIMAC  LAMP  NOISE  POWER  SPECTRUM  (see  text  for  explanation) 
y-axis  in  relative  units 
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